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© Active distributed programmable line termination for in-circuit automatic test receivers. 

® A system (210) for providing receiver termination in automatic test equipment (ATE) wherein the automatic 
ist equipment (ATE) is capable of testing a plurality of devices under test (OUT). The automatic test equipment 
has a plurality of receivers (40) each of which is connected to the receiver termination system (210) of the 
present invention. The system (210) selectively connects each receiver termination to one of a plurality of 
devices under test (DUT). Each of the receiver terminations is connected between one of the automatic test 
equipment receivers and the analog multiplexor (MUX) and provides a high reference voltage clamping value for 
clamping signals appearing on the input to the receiver at the high reference value tailored for the specific 
device under test (OUT). It also provides a low reference voltage for clamping signals appearing on the input of 
the receiver at a low reference voltage value tailored to the device under test (DUT). An analog reference control 
(310) is connected to each of the plurality of receiver terminations (300) and delivers to each receiver termination 
high and low reference voltage clamping values tailored for each device under test (DUT) connected to the 
receiver termination. A state machine (330) controls the delivery of the high and low reference clamping voltage 
values to the receiver terminations. 



CM 
< 

O 

in 

CT 
00 
"St 



LU 




EP 0 489 510 A2 



B ACKGROUND OF THE INVENTiON 

1. Field of the Invention - 

The preseiU invetilion relates lo termination of transmission lines and. in particular, the present mventton 
relates to receiver termination of devices-under-test (DUTS) in automatic testing equipment (ATE). 

2. Stateme nt of the Problem - 

The termination of transmission lines represents an area of signal analysis that has been well studied- 
See, for example. Jav.d and Brenner. Analysis Transmission and Filtering of Signals. "Transmission Lines 
1 -Transients". Pages 334-347. I08i (Robert E. Kricgcr Publishing Co.. Inc.. Malabar. FL). 

The goal of ATE systems is to provide a test interface to a largo number of different typos of DUTs. 
The ATE system applies a stimulus to the DUT and then looks for an appropriate signal response. For 
digital DUTs. the ATE system drivers drive the correct logic levels for a valid or '^0" to the inputs of the 
DUT and then the digital receivers in the ATE system look for a valid T* or "0" at the outputs. 

In Figure la. a typical device-under-test (OUT) interconnected through a fixture and a printed circuit 
(PC) board 20 with an automatic test equipment (ATE) system 30 containing a receiver 40 and a dnver 50. 
Receiver 40 in an ATE system (generally indicated at 30) probes the DUT 10 in order to determine the 
function of the circuit without interfering with the operation of the circuit. This normally implies keeping the 
input 50 to the receiver at a high impedance. However, the connection of the receiver 40 to the DUT 10 
adds some parasitic capacitance Cp to ground thereby partially aHecting the operation of the DUT. 

An optional three state driver 60. shown in dotted lines, may be selectively interconnected by means of 
a switch 70 to the input 50 to drive a signal into the DUT. 

The ATE system 30 contains a number of receivers 40 and drivers 60 and will be discussed more fully 
with respect to Figure 2. 

In Figure la. when the receiver 40 input impedance is high compared to the impedance Zq of the 
fixture in PC board 20 and the source output resistance Rs is low (compared to 2o) then the waveform from 
the OUT at the receiver input 50 will overshoot. This results in a classic ringing problem. If Rs is small, a 
larger voltage (hence, more current) will be delivered down the transmission line by the DUT. In other 
words, the waveform at the receiver 40 overshoots the source voltage Vg from the DUT and then 
undershoots below Vs- The amount of current initially sent down the line is determined by the instantaneous 
impedance seen at the Rs - Zo interface. As the waveform travels down the transmission line it then 
encounters the Zo - input 50 of receiver 40 interface. The receiver 40 typically is of much higher impedance 
than Zo thereby causing the voltage waveform to overshoot. (Note: The initial voltage sent down the line is 



when Rs is small, a good approximation for many of these high speed DUTs.) Eventually, the ringing damps 
down to a steady state value of Vg. In an ATE system, one of the problems is to design the receiver 40 
such that it is capable of interfacing with many different DUTs having varying output impedances in a 
fashion to minimize the ringing problem. Hence, a low cost, easy to implement design for receiver 40 is 
needed- 

The problem of ringing is further enhanced when short wire length PC fixtures 20 are required because 
of the high speed of the digital circuits found in the DUTs (i.e.. this assumes a lossy transmission line). 
Hence, a need also exists in the design of a receiver 40 that provides minimum impact on the DUT 10 {that 
is. having no DC loading and no degradation of AC performance) but which is inexpensive and easy to 
implement. 

There are several ways to conventionally terminate a receiver 40 for ATE equipment and these are 
illustrated in Figures lb through Id. In Figure lb. a resistive load Rl is connected from input 50 of the 
receiver 40 to ground. The resistor \ equals Zq, This particular termination works well provided the DUT 
can output a sufficient amount of current (I = Vs (Rl + Rs Rdc)) and provided Rs is small compared 
to Rl + 2o. Rdc 'S the lumped resistance of the transmission line. Furthermore, there is no mismatch or 
reflection at the receiver input 50 since Rl = Zq. One disadvantage of the prior approach of Figure lb is 
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that the OUT 10 must be able to supply the aforesaid value of current to the transmission line 20 when 
driving high. Many OUTs 10 cannot supply that amount of current. 

In Figure ic. a second prior art solution for terminating a receiver 40 in an ATE system 30 is shown. A 
resistor Rl wfiich is equal lo Zo is terminated on the variable drive 60. A second resistance Ra is added at 

5 ttui output 80 of the OUT 10. The addition of resistor Ra further isolates the DUT tO from the ATE system 
30. But the addition of resistor Ra also means that the parasitic capacitance Cpoui becomes more important. 
If a correct value of Ra can be found, the OUT 10 can be adequately isolated from the ATE 30. The 
problems with the prior art approach shown in Figure 1c are substantial. For some OUTs 10 there is no 
good value for R^. The presence of parasitic capacitance Cpour can potentially limit the speed of the ATE in 

JO conducting the test. Furthermore, driver 60 now must drive through both Rl and Ra which may be a 
problem when overdriving (a lot of current may be required). Overdriving occurs when the driver 60 drives a 
node to a known state regardless of where an enabled upstream device may wish to drive the node. Finally, 
the implementation of Figure 1c requires Ra to be physically dose to the OUT 10 which involves fixturing 
problems. 

75 In Figure id. the most common technique which is frequently used in industry is set forth. Here, a 

resistor R^ is connected in a series connection to a capacitor Ct which connects the input 50 of receiver 40. 
to ground. Capacitor isolates the resistor R^ from ground. Hence, the resistor R^ does not DC load the 
DUT 10 but the capacitor Ci. will add to the receiver input capacitance which can limit test speed. The clear 
advantage of the approach of Figure Id is that the resistor Rl is only "present'* in the circuit when a signal 

20 transition from the OUT 10 occurs at the input 50. Termination is only present when the signal at the input 
50 is changing state. Hence, no DC loading. One disadvantage with the prior art approach of Figure id 
requires that Zq must be well controlled as inductance of the line 20 can form a tank circuit with Rl and Cl 
which would cause oscillations. Furthermore. Cl will add to the receiver 40 additional parasitic capacitance 
and increase the effective input capacitance presented to the OUT thereby limiting the speed and 

25 performance of the OUT 10. 

A need therefore exists for a receiver which can be selectively programmed to a specific OUT 10 which 
will provide a necessary termination at the input 50 to absorb energy from ringing. The design of this circuit 
must not interfere with the acquisition of a valid high or low signal from a wide variety of different types of 
OUTs 10. 

30 Figure 2 illustrates a typical prior ATE system capable of interfacing with a number of OUTs 10. In 

Figure 2. the ATE system 30 includes a set of analog multiplexors (MUXq - MUX,) (e.g.. relays) wherein 

each multiplexor is interconnected over a fixture and PC board 20 to a plurality of OUTs 10 (DUTa - OUT^J). 

Other prior art approaches use different techniques to connect the receivers to an individual OUT (such as 

changing fixtures, etc.). Hence, each receiver termination 50 can be selectively connected by the mul- 
35 tiplexor to a discrete DUT 10 in a set of DUTs 10. A measurement can then be taken by the receiver 40 of 

the signal output of the connected DUT. The receiver termination 210 in Figure 2 may constitute any one of 

the above prior art approaches fully discussed in Figure 1 . 

The DUTs 10 as shown in Figure 2 may be of a number of different logic families. These different logic 

families will have different valid logic thresholds. For example, transistor-transistor logic (TTL) has a signal 
40 threshold of 2.0 volts and complementary metal oxide semiconductor (CIViOS) has a signal threshold of 4.0 

volts, both for a valid digital "1." Furthermore, the output impedance of each logic family is also different. 

Hence, a need exists for each receiver to have active termination thresholds so as to adjust to the signal 

characteristics of the DUT being tested. 

Since many different logic families may be represented in the DUTs 10, ATEs are presently available 
45 wherein each receiver 40 has programmable thresholds on a per receiver basis (e.g.. receiver high, receiver 

low. drive high, drive low). This capability is called "per-pin programmable logic threshold" in the industry. 

Finally, a need exists to provide distributed programmable clamps on a per-pin basis so as to provide an 

active termination for the receivers 40. 

50 2. Result s of a Patentability Search - 

A patentability search was directed in the field of the invention to the solution of the above problem. 
The results of the patentability search generated the following patents: 
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Muench. Jr. 


3.600.634 


8-17-71 


Andrews, Jr. 


3.660.675 


5-2-72 


Dasgupta et al. 


3.832,575 


8-27-74 


Davis 


4.450.370 


5-22-84 


Slaughter 


4.943.739 


7-24-90 



U S Patent 3 660,675 sets forth a design for terminating a low output impedance source by adding a 
series termination when the device is sinking, in a diode (no series termination) when the dev.ce .s 

^"''u'? Patent 4 450 370 sets forth, an active termination for a transmission line involving a tri-state buffer 

enabled by a strobe signal. The output of the tri-statc buffer is tied through a res,stivc element wh,ch is 

used to help match the lino impedance of the transmission line. 

U S Patent 3 832 575 sets forth a data bus transmission line termination c.rcu.t wh.ch .s programmable 

to either a low impedance state for connection to the terminal end of the data bus or to a high impedance 

state for connection to an intermediate portion of the data bus. 

U S Patent 3 600.B34 issued to ivluench. Jr. sets forth a protective control crcu.t aga.nst transient 

voltages utilizing a pa,r of solid state gate controlled AC switches. This patent deals with an over voltage 

circuit which shunts around a load for protection if an over voltage occurs. 

US Patent 4 943 739 sets forth a non-reflecting transmission line term.nat.on wh.ch contains a 

reflection attenuator connected between the signal line and the ground line or signal line and '^e power hne. 
The attenuator clamps the voltage of digital signals between ground potent.a. and the supply >;oltage^ 
Thfs invention is the most pertinent of the patents uncovered in the search to the solution of he above 
Tb-em However, this invention Is not applicable to the environment of ATE =vste-sjhe .gna^^^^^^^^^ 
•739 must be close to V„ or to ground and. therefore, is not appropriate for use in an ATE The 739 patent 
doeslt deal with the suLation involving different types of DUTS - where, for example, the V .s not always 
me same. Furthermore, the '739 approach requires a third line for V«. does not prov.de for high currents, 
and does not handle the situation where V« is less than ground. 
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3. S olution to the Problem - 

The present invention provides a solution to the needs set forth in Rgures 1 and 2 by providing an 
active distributed programmable line termination for the receiver 210 which is fully prograrnmable on a per- 
prbasis n an a?E system. The present invention provides a receiver termmafon which extracts energy 
^om thToutput DUT signal only when the signal has passed a defined threshold level. Two en^bodiments of 
he present Mention are set forth. In the first embodiment, the termination voltage .s tied to the per-p.n 
progr mmable (distributed) receiver threshold while the second embodiment allows the term.nat.on vol ages 
fo be programmed independently on a per-pin basis. Both embodiments provide per-p.n P^l^^f^l^l 
the terminated voltages. Furthermore, the present Invention eliminates AC loading caused when the edges 
7the DUT s^nal ^e going through a transition and provide only small DC loading which .s present only 
when the signal from the DUT has exceeded the termination voltage value. 

SUMMARY OF THE INVENTION 

A system for providing programmable active receiver termination in automatic test equipment wherein 
the au omatic test equipment is capable of testing a plurality of devices under test The automatic test 
equipment has a plurality of receivers each of which Is connected to the receiver term.na .on system of the 
p?e^erLntion The system Is further connected to an analog multiplexor wh.ch selectively connects 
each receiver termination to one of a plurality of devices under test. , ■ 

Each of the receiver terminations is connected between one of the automatic test equipment receivers 
and provides a high reference voltage for clamping signals appearing on the input to the receiver at the 
high^Jerence voUage tailored for the specific device under test. It also provides a low reference vol age for 
clamp^ Signals appearing on the input of the receiver at a low reference voltage clamp.ng value ta.lored to 

ran\log''reler?nce control is con.iected to each of the plurality of receiver terminations and delivers to 
each receiv^ termination high and low reference voltage clamping values tailored lor each dev.ce under 
fesl connected to the receiver termination. A state machine controls the del.very of the h.gh and low 

reference clamping voltage values to the receiver terminations. 
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D ESCRIPTION OF THE DRAWING 

FIGURE I are prior art representations o( circuits for terminating a transmission line; 
FIGURE 2 is a prior art repteseniation ol a conventional ATE system; 

FIGURE 3 sets (orlh fiisl einbodimeiU ol the termination system of the present invention; 
FIGURE 4 sets loilh the second embodiment of the termination system ol the present invention; 
FIGURE 5 are graphical representations of the signals at various locations in the first embodiment of the 
automatic test system of the present invention; 

FIGURE 6 sets forth graphical representations of the signals corresponding to a different frequency than 
that set forth in Figure 5; and 

FIGURE 7 sets forth graphical representations of the signals for testing an ACT family of DUTs. 
DETAILED SPECIFICATION 

1. First Embodime r^t of a Receiver Termination Block • 

In Figure 3 the first embodiment of a receiver termination block (RTB) 300 is sho«n interconnected 
with an analog reference control 3i0. The analog reference control 310 is interconnected with a number of 
receiver termination blocks. W.tn reference back to Figure 2. if there are "i" receiver terminations, then the 
analog reference control 3i0 would interface with "i" receiver termination blocks 300. This is shown in 
Finure 3 for RTB. The analog reference control 310 outputs termination voltages as distnbuted per-pin 
programmable receiver thresholds. RHI and RLO. However, as shown in Figure 3. the termination voltages 
can also be tied to set relerence levels. CHI and CLO. Whether programmable receiver thresholds RHI and 
RLO or set relerence levels CHI and CLO are utilized, is dependent upon the settings of switches 320a and 
320b The CHI and CLO signals are provided for those DUTs 10 which do not ring and which cannot drive 
small dc loads in the termination. Hence. CHI and CLO are outside the programming range of the receiver 
thresholds (i.e.. CHI > RHImax and CLO < RL0m.n)- 

a. An alog Reference Control 310 

The analog reference control 3iO incorporates a state machine 330. a digital to analog converter 340. 
an amplifier 350. and an integrated sample-and-hold circuit 360. The state machine 330 is interconnected 
over lines 332 to the digital to analog converter 340 which in turn is connected over lines 342 to the 
amplifier 350 Amplifier 350 in turn is connected over line 352 to the integrated sample-and^hold circuit 360. 
Address and enable information is delivered over lines 334 to the integrated sample-and-hold circuit 360. 
The integrated sample-and-hold circuit delivers the RLO and RHI threshold levels to the receiver termination 

blocks (RTBo • RTBi). ^ ,i=.ui 

As will be evident in the following, the analog reference control 310 provides per-pm voltages (RHI and 
RLO) which are used as references by the receiver termination blocks to individually configure the receiver 
termination block to test a particular OUT 10 so as to minimize ringing. Each different OUT type w,ll have its 
own RHI and RLO reference voltages. Each analog reference voltage is separately programmable within a 
valid output range which in the preferred embodiment is negative 5.5 volts to positive 5.5 volts. The valid 
range of receiver levels is negative 3.5 volts to positive 5.0 volts. The state machine 330 cycles through all 
possible addresses so as to refresh each sample-and-hold 360 which in the preferred embodiment is every 
five microseconds with an actual switch 362 closure time of 1.6 microseconds. The address and enable 
information is delivered over lines 334 to the address decoder and switch select 364 which activates 

switches over lines 366. 

The state machine 330 is implemented on an ASIC which incorporates a random access memory 
(RAIVl) not shown. The state machine 330 conventionally operates to cycle through each address of the 
sample-and-hold circuit 360 which in the preferred embodiment constitutes 48 separate addresses. For 
each address the state machine further provides data to the digital-to-analog converter 340. This data is 
delivered from the RAM lines 332, this data constitutes the necessary digital information to provide the 
analog threshold voltage signals amplified by amplifier 350 on lines 352. The state machine 330 also 
provides the address for the sample-and-hold circuit 360 on lines 334 and an enable signal also on lines 
334 that closes the addressed switch 362 Irom the analog line 352 to the addressed hold capacitor 368. 

Hence an address is delivered out Irom the stale machine 330 on lines 334 to the address decoder and 
switch select 364. Simultaneously an output from the RAM internal to the state machine 330 is delivered on 
lines 332 to the digilal-to-analog converter 340 which delivers the analog threshold value to the integrated 
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sample-arid-hold circuit 360. Alter the appropriate address setup time on 334 and analog voltage setting 
time (on 352) the switch 362 becomes activated and the analog value appearing on hne 352 .s delivered 
into a holding capacitor 368 tor subsequent delivery as RHI or RLO to the addressed receiver termination 

block 300. ^ ... ,. 

In the prele-red embodiment. 3.2 inicroseconds are provided for the voltage to become stable on line 
352 before the enable signal on line 334 loads the value into the holding capacitor 368. The enable signal 
stay» active for 1.6 microseconds allowing the hold capacitor 368 to be charged to the correct threshold 
value An additional 200 nanoseconds of hold time is then encountered after the enable becomes inactive 
and then the state machine provides the address and data for the next hold capacitor. 

The dig.tal-to-analog converter 340 and the amplifier 350 operate as follows. The digital-to-analog 
converter 340 is of the type that provides a current output. The digital-to-analog converter 340 converts the 
data being inputted on linos 332 from the state machine 330. In the preferred embodiment, the digital-to- 
analoq converter 340 utilises a twelve digital bit input running off of a ton volt reference. The output of the 
diqital-to-analog converter 340 feeds two operational amplifiers 350. not shown. The first operational 
amplifier swings between 0 to minus ten volts depending upon the data on lines 332 and the second 
operational amplifier inverts the result of the first and level shifts the signal so that it runs minus 5.5 volts to 
Dius 5 5 volts For simplicity, only a single amplifier 350 is shown in Figure 3. 

The integrated sample-and-hold circuit 360 utilizes a decoder multiplexor 364 wh.ch selects one of the 
48 sample-and-holds (based upon six binary bits). The enable bit from the state machine 330 closes the 
internal FET switch 362 from the analog input 352 from the digital-to-analog converter 340. Closure allows 
the internal hold capacitor 368 to be selectively charged, as discussed above. The voltage at the hold 
capacitor 368 is buffered from receiver termination blocks 300 with a low current unity gam operational 

amplifier 369. . , . , • u» - 

It is to be expressly understood that while a preferred design for the analog reference control is shown 
that other designs that selectively deliver RHI and RLO reference voltages to the receiver termination block 
could also be used and would fall under the teachings of the present invention. 
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b. Receiver Te rnninatlon Block 300 

The receiver termination block 300. as shown In Figure 3, is connected to the fixture and PC board 20 
at its input 50. This corresponds to the conventional prior art circuits of Figure .1. Ukew.se, the receiver 
termination block 300 is interconnected to the analog" reference control 310 over lines RHIo and RUOo- 
Finally the receiver termination block 300 delivers to the receiver outputs GTH and GTL from receiver 390^ 

In the receiver termination block 300 are the analog switches 320. a high current unity gam buffer 370. 
and the high and low threshold comparators 380. The diode 372a is connected through resistor Rl to the 
output of buffer 370a. The output of buffer 370a is connected to resistor Rl and through capacitor CI to 
around Likewise, the output of buffer 370b is connected to resistor R2 and through capacitor C2 to ground^ 
The output of resistor R2 is also connected to the input of diode 372b. The RHI threshold signal is delivered 
into the high threshold comparator 380a whose output is a greater-than-high (GTH) indication. The RHI 
siqnal is also delivered through analog switch 320b into buffer 370a. Likewise. RLO is delivered into the 
input of the comparator 380b whose output is a greater-than-low (GTL) indication. RLO is also delivered into 

the input of the buffer 370b. „ ^ ^ r-, 

The analog switches 320 allow the termination voltage to be tied to RHI and RLO or to CHI and CLO. 
CHI and CLO are voltages which will insure that the clamps can be turned off by programming the 
termination voltages beyond the valid programming range of RHI and RLO. The analog switches 320 are 
digitally controlled by the control register 322 over lines 322a and 322b. The control register 322 is 
selectively loaded over lines 324 by the operator of the ATE system. Switches 320 are preferably DG211-a 
diqitally controlled FET switches. 

The high current unity gain butfers 370a and 370b provide a solid high current voltage source to the 
RTB. The buffers 370a and 370b are implemented as an operational amplifier with an external current boost 

transistor in the feedback loop, not shown. . ^, w r-o (,-^^ 

Resistors Rl and R2 are current limit resistors which isolate their respective capacitors Ci and C2 from 
their respective high current buffer amplifiers 370a and 370b and prevent excessive currents from bemg 
drawn through the circuit if RLO is greater than RHI. This is accomplished without adding an RC tirne 
constant to RIN. In the presenl invention, when RHI (or RLO) is changed, the capacitor Cl ad)usls lo the 
new voltage level. The isolation from the high current amplifier 370a and 370b keeps the voltage at the 
receiver input (RIN) from pulling around the voltage source when high speed pulses are stuffed into the 
termination 50. The Isolation resistors Rl and R2 further protect the clamps from damage when RHI < RLO. 
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Finally the isolation resistors Ri and R2 will limit the DC loac seen by the OUT when the clamps are on. 

The capacitors Ci and C2 provide charge storage and high frequency bypassing. The size of these 
capacitors is dictated by the necessary high frequency response (i.e.. good high frequency bypassing) and 
settling lime requirements when the termination voltages are changed. In the preferred embodiment, these 
5 capacitors have values in the range ol 0.1 uF to 2.2 uF. , or>T o-i 

The diodes 372a and 372b are Schottky barrier diodes in a conventionally available dual SOT-23 
package The diodes must function to turn on fast. The dual threshold receiver 390 is driven by the voltage 
at the receiver input (RIN). Dual threshold receiver 390 is essentially a voltage window receiver which uses 
the two comparators 380 to compare against a valid high threshold RHI and a valid low threshold RLO. 
,0 Receiver outputs, as given by GTH and GTL determine the state of the receiver input RIN as follows: 
VALID HIGH: Rlf^J > RLO implies GTL = 1. 

RIN > RHI implies GTH = 1 

VALID LOW: RIN < RLO implies GTL = 0. 

RIN < RHI implies GTH = 0 

,s . WINDOW ERROR: RIN > RLO implies GTL = 1 . 

RIN > RHI implies GTH =0 

A window error is considered an error state as the input is between the valid high (RHI) and valid low (RLO) 

threshold: 

RIN < RLO implies GTL = 0 
20 RIN > RHI implies GTH = 1 ' oui oi r^^ 

This state should never occur and is therefore undefined (this condition means RHi < hlu). 

Resistor R3 has two functions. First it isolates the voltage at the receiver input RIN from electrostatic 
discharge and overvoltage conditions and it helps limit the current when the termination is on. Hence, the 
output voltage from the OUT 10 appearing at 50 will be clamped to RHI * Ioh„„ x (Rt + R3) + 0.3 volts 
25 high and RLO - loL„ x (R2 + R3) - 0.3 volts low. Where: , ^, , - , , . , n r.u.^ 

RHI = valid high threshold programmed for receiver (e.g.. normal TTL logic families + 2.0 volts) 
RLO = valid low threshold programmed for receiver (e.g.. normal TTL logic families = 0.8 volts) 
lohn„. = maximum high-level output current supplied by OUT 
loU„ = maximum low-level output current supplied by DUT 
30 The oTvolts in the above equations are attributable to the drop across diodes 372. 

While a preferred design has been provided for the receiver block termination 300 of Figure 3. it is to 
be expressly understood that any suitable design functioning as described above would fall under the 
teachings of the present invention. 

j5 2. Second E mbodiment of Receiver Termination Block - 

In Figure 4 a second embodiment of the receiver termination block 300 of the present invention is set 
forth. Where possible, like components have been numbered with the same, numerals as in Figure 3. The 
operation between the two embodiments is identical except as follows. 

40 In Figure 4. the termination voltages represented by V„ (V clamp low) and V,, (V clamp high) are also 
delivered from the analog reference control 310. Hence, the second embodiment allows complete per-pin 
oroqrammability of the termination voltage independent of the receiver threshold voltage. Accordingly, the 
state machine 330 and the integrated sample-and-hold circuit 360 are suitably expanded to allow for the 
delivery of four analog voltage values per receiver termination block. Hence, the second embodiment allows 

45 complete per-pin programmability of the termination voltage independent of the receiver threshold voltage. 
This allows additional flexibility and fine tuning at the termination voltage for optimum perlormance. The 
trade-offs in the second embodiment to provide this fine tuning results in the delivery of four rather than two 
reference voltages and the complexity of the analog reference control is greater and more costly. 

50 3. Op eration of tfie Present Invention 

The following illustrates the operation of the first embodiment, but is to be understood that this could 
also apply to the second embodiment, in the first embodiment, the signal positions B through H are shown 
in Figure 3 based upon a signal outputted from the DUT 10 indicated by A in Figure 2. 

In Figure 5. the representations ol oscilloscope pictures lor testing a DUT composed of ACT (i.e.. 
Advanced Cf^OS with TTL compaUble inputs) parts are shown in graphs A through B. ACT devices have a 
full CMOS swing (0.4 to 4.8 volts) on their outputs while being compatible with TTL on their inputs (0.8 to 
2.0 volts). 
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The measurement setup for Figure 5 is as follows. A 74ACT00 is connected through a standard fixture 
onto an ATE PC board which contains a receiver with the termination as shown in embodiment one (see 
Figures 2 and 3) to reference probe points as given by A. B. C. D, E, F. G. and H. 

The OUT. ai) 74ACT0O. in DIP package is driven by a Hewlett Packard 800t3B pulse generator at a 
frequency of 7.5 MHz. The power supplies on the OUT are set to 5.0V. Since the device is of the ACT 
family, the receiver thresholds are programmed to RLO = 0.8V and RHI = 2.0V rather than the default 
CK/lOS levels of RLO = 0.4V. and RHI = 4.0V. Hence switches 320b and 320c are set to deliver RHI and 
RLO. 

Figure 5. graph A. shows the waveform at the OUT (refer to Figure 2 - Point A) with the clamps on. The 
vertical axis has a scale of 2 volts per grid, the timescale is 30 nsec/div. This is also the trigger for the 
oscilloscope - an HP 54nOD digital oscilloscope. 

Graphs 81 and 82 of Figure 5 show the OUT waveform at the receiver RIN input (point B of Figure 3). 
81 shows the case where the termination of the present invention is not present (i.e., ringing) while B2 
shows the case where the termination is present. The ringing without termination in Bl is 1.76 volts as 
shown by Ime 504 and the ringing with termination is 0.78 volts as shown by line 506. Note that the rising 
edge 500 does not ring as much as the falling edge 502 between the two graphs Bl and B2. For this 
particular voltage swing there is a secondary effect, inherent in a protection circuit in the receiver, that 
absorbs some of the energy. For CMOS with lower supplies (3-3v logic) the ringing will be much greater on 
the rising edge (i.e . simitar to what is displayed on the falling edge of graph Bl). 

Note that the diode 372 and capacitor C are not ideal. This non-ideality shows up as a finite turn-on 
time which allows these fast edges to overshoot slightly the first time and ring once. Note that the peak of 
the ring (as shown by 506 in Figure B2) never reaches the RLO threshold of 0.8 volts. If further 
improvement becomes necessary a faster diode and better capacitor C can be chosen to reduce the single 
ring and the voltage 506, This implementation was the best cost-performance trade-off. The example of 
Figure 5 also represents the worst performance configuration. Changing the fixture. DUTs. PC board, and 
grounding to DUTs PC board also improves the performance as characterized by the ringing seen at the 
receiver. 

Figure 5. graph C shows the voltage at point C of about 0.52 volts, between diode 372b and capacitor 
C2 of Figure 3. This is the normal voltage at point C (the RLO termination) for a reasonable ATE test 
frequency of 7.5 MHz. (This voltage will move somewhat as the capacitor charges and discharges at lower 
frequency as displayed in Figure 6. graph C.) 

Figure 5. graph 0 shows the output at the voltage source 370b of about 0.968 volts. Notice that this 
point is a little noisy. This noise is from circuitry switching and impinging upon the non-ideal voltage source 
(i.e.. AC bandwidth does not equal infinity). The trace length on the PC board through the isolation resistor 
and to the filter capacitor can reach upwards of fourteen inches. Such noise can be minimized by proper 
routing of grounds and signals. 

Figure 5, graph E shows the RLO voltage of 0.96 volts as programmed into the termination circuit 300. 
Notice that this voltage is 200 millivolts above the peak voltage seen in graph B2. 

Figure 5. graphs F. G. and H show similar points on the high side of the termination. Graph F is the 
40 voltage of 3.92 volts between diode 372a and capacitor Cl of Figure 3. This is the voltage that sets the 
point where the diode 372a will turn on. Graph G is the voltage output (2.16 volts) of the high current buffer 
amplifier while graph H is the RHI voltage input of 2.16 volts to the buffer amplifier and receiver. Notice that 
the voltage of graph F is somewhat above the voltage of graphs G and H, This is because as the diode 
372a is on more and more the capacitor tends to charge up. Therefore, at higher frequencies the 
45 termination point will tend to move away from the threshold increasing the difference in voltage between the 
clamp value and receiver threshold voltage. This implies that there is more noise margin and the OUT is 
more lightly loaded. The voltages shown in Figure 5, graph C acts the same way - only the magnitude is 
smaller. 

Figure 5 illustrates the operation of the present invention of Figure 3. The valid high and low thresholds 
50 of RHI = 2.0 volts and RLO = 0.8 volts are delivered to the termination block 300 by the analog reference 
control 310. These values correspond to the specified values of TTL. Hence, receiver 390 uses these values 
in comparators 380 to generate the GTH and GTL signals (i.e., when the voltage at B exceeds RHI = 2.0 
volts it is a valid high). However, the rising edges of the digital signal are clamped at a predetermined high 
voltage value (based on RHI. which, for example in Figure 5. Graph F is 3.92 volts) to minimize ringing. 
bb Likewise, the falling edges of the digital signal are clamped at a predetermined low voltage value (based on 
RLO. which, for example in Figure 5. Graph C is 0.52 voUs). The digital signal between these clamping 
values is not affected. 

The graphs of Figure 6 us© the same measurement setup as Figure 5 (voltage is 2 volts per division 
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with a time base of 50 microseconds/division,. The only difference is the frequency at wh.ch the OUT ,s 
Tw chir. now only 4.5 KHz - rather slow for an ATE tDu, certainly possible for some cases. Graph A , 
acain the DUrwavetorm as shown a. po.nt A of Figure 2. Graph B, of Figure 6. shows the DUT waveform a. 
pSn B the rIcZe. input - R.N. Notice at this lower frequency the .essenir.g of the load on the DUT as the 
^^n^iritnr rharoes (most noticeable on the positive going pulse). ^ . , , 

' ' G a^hs C and F 0, r,gure 6 shows the capacitor C charging and discharg.ng^ Charg.ng takes p ace 
through the diodes 372 respectively. D.scharging takes place through resistors R and JJ:^- - - 
adverse <='^ °" termination circuit or the receiver input. RIN. at startup or lew frequency °Pe;a^°"; 
Rqure 7 hows a blowup of the ringing at the receiver Input (vo.tage Is 2 volts per d.v,s,on and the t,me 

.0 base .s lo nsec/divlslon). The top signal of Figures 7a.7d shows the OUT waveform at A on F.gure 2 wh.le 
th^ hnttnm waveform shows the waveform at part B of Figure 3. 

Cos 7a and 7b Illustrate tho ris.ng and falling edges of an 74ACTO0 sotup/mcas^cmcn 
,orhn ouc ac used in Figures 5 and 6) with the termination turned off (programmed to CHI and CLO) F.gures 
70 and r/are the eq vafen, waveforms with the termlnat.on turned on. Notice the deference .n the bottom 

,s waveforms B O 7a and 7c. There is distinctly less overshoot and lessening ,n the DC level ach.eved by the 
Tt L kew.se the bottom waveforms of 7b and 7d can be compared. Here a dramat.c decrease .n ru^g.ng 
cS be observed Finally, note the top waveforms of the pairs 7a and 7c. 7b and 7d are not aHected by the 
presence or absence of the termination. This implies that the DUT is fully capable of dr.v.ng the small load 

. •'^^^,:T;rbVe:pr;ytn"derstood that the claimed .nventlon Is nqt to be limited to the c^escriptlon o, the 
prefer! embod,men, but encompasses other modifications and alterations w.th.n the scope and sp,r„ of 
the inventive concept. 

Claims 

1 A system (210) for providing active receiver termination in automatic test eq^iP'"^';^ (^J.^); 
autom tiT test equipment (ATE) being capable of testing a plurality of devces under test (D«;'TS)^s d 
automa c test equipment (ATE) having a plurality of receivers (40). each of sa,d rece.vers 40 be ng 
connected to said receiver termination system (210). said plurality of dev.ces under test (DUT) be-ng 
30 connecled over individual fixture interface transmission lines (Zo) with said rece.ver term.nafon system 
/210^ said system (2i0) for providing receiver termination compnsmg. 

* a pll i Of receiver LminaLs (300). each of said receiver term.nat,ons ^e-ng connec , 
between one of said automatic test equipment receivers (30) and an .nd.v.dual device under test (DUT) 
an analog reference control (310) connected to each of said plurality of receiver term, nations (300) 
for delivering to each of said plurality of receiver terminations (300) programmed reference voltage 
Lp g vaLs for enabling each said receiver termination (300) to provide line termination for sad 
Sual device under test (DUT) connected to the aforesaid receiver termination so as to minimize 
ringing. 

^ 2 A svstem (210) for providing receiver termination in automatic test equipment (ATE) said automatic 
LtCTp-ent being capab' of testing a plurality of devices under test (DUTS). said automatic test 
Spment (ATE) having a plurality of receivers each of said receivers 40 being connected to said 
recXer termlnat on sy^em (210). said system (210) being connected to an analog swuch (MUXo). and 
a sublet (DUTA-DUTN) of said plurality of devices under test (DUT) being connected over md.v.dual 
L urett rface transmUion lines (Zo) with each said receiver termir^ation sys em f ^^^f o^ 
device under test (DUT) delivering digital signals on said transmission line (Zo). said system (210) for 

orovidina receiver termination comprising: 

' a pLality of receiver terminations (300). each of said receiver terminations being connected 
between one of said automatic test equipment receivers (30) and said analog switch (DUT). 

an analog reference control (310) connected to each of said plurality of receiver te^-^'^ations (300J 
,or delivering to each of said plurality of receiver terminations (300) programmed h.gh and low 
e ere ce voltage values for enabling each said receiver termination (300) to provide proper line 
e mTnation by clamping said digital signals above said high reference voUage and ^elow sa'd ow 
reference voltage tor the individual device under test (DUT) connected by said analog switch (MUXo) to 
5i the aforesaid receiver lerminalion (300). 

» /oin\ riajm 9 wherein said analog reference control (3lO) 
3. The receiver termination system (210) of Ciaim d wnerein »a.u « y 

comprises: 
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a state machine (330). said state machine (330) containing said plurality of said high and low 
reference voltage clamping values corresponding to the different logic-family types of said devices 
under test (DUT), 

means (340) receptive of each said high and low reference digital voltage clamping value for 
5 converting each of the aforesaid values into a corresponding high and low analog reference voltage 

clamping value. 

4. The receiver termination system (210) of Claim 2 wherein each of said plurality for receiver termina- 
tions (300) comprise: 

JO first means (310a, 370a. Rl. C1. 372a) receptive of said high reference voltage value for clamping 

signals appearing on the input to said receiver (300) at said high analog reference voltage clamping 
value. 

second means (320c. 370b. R2. C2.. 372b) receptive of said low reference voltage value for 
clamping signals appearing on the input to said receiver (300) at said low analog reference voltage 
t5 clamping value. 

5. The receiver termination system (2l0) of Claim 4 wherein each of said first and second clamping 
means (3103. 320c. 370a. 370b. Rl.R2.Cl.C2. 372a. 372b) comprises: 

an amplifier (370) for receiving said high or low reference voltage clamping value. 
20 a resistor (Rl . R2) having one end connected to the output of said amplifier, 

a capacitor (Cl. C2) connecting ground to the other end of said resistor. 

a diode (372) having its anode connected to said other end of said resistor and having its cathode 
connected to said input of said receiver. 

A circuit (210) for providing active termination for a transmission tine (Zo) carrying digital signals from a 
device (DUT) connected at one end of said transmission line (Zo). said circuit (210) comprising: 

a resistor (R3) having one end connected with the opposite end (50) of said transmission tine (Zo). 
first means (372a. Cl. Rl. 370a. 320b. RHl) connected to the second end (RIN) of said resistor 
(R3) for clamping the rising edge of each of said digital signals from said device (DUT) to a 
predetermined high voltage value, when the voltage of said rising edge exceeds said predetermined 
high voltage said first clamping means directs said current from said digital signal away from said 
transmission line (Zo) to minimize ringing on said transmission line (Zo). and 

second means (372b. C2. R2, 370b. 320c. RLO) connected to said second end (RIN) of said 
resistor (R3) for clamping the falling edges of each of said digital signals from said device (DUT) to a 
predetermined low voltage value, when the voltage of said falling edge of said digital signal exceeds 
said predetermined low voltage said second clamping means directs said current from said digital 
signal away from said transmission line (Zo) to minimize ringing on said transmission line (Z^). 

7. The circuit of claim 6 wherein said first means comprises: 

40 a diode (372a) having its anode connected to said second end of said resistor, 

a capacitor (C) having one end connected to the cathode of said diode and its other end connected 
to ground. 

a resistor (Rl) having one end connected to said cathode of said diode, and 
means (370a, 320b and RHl) connected to the other end of said resistor for delivering said 
45 predetermined high voltage value. 

8. The circuit of Claim 6 wherein said second means comprises: 

a diode (372a) having its cathode connected to said second end of said resistor. 

a capacitor (C) having one end connected to the anode of said diode and its other end connected 

50 to ground. 

a resistor (Rl) having one end connected to said cathode of said diode, and 
means (370a. 320b and RHl) connected to the other end of said resistor for delivering said 
predetermined high voltage value. 

bb 9. (Amended) A circuit (21 0) for providing active programmable termination for a transmission tine (Zq) 
carrying digital signals from a device (DUT) connected at one end of said transmission line (Zq). said 
circuit (210) comprising: 

a resistor (R3) having one end (50) connected with the opposite end of said transmission line, 
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first means (372a. Cl, R1. 370a. 320b. RHI) connected to the second end (BIN) of said resistor 
(R3) for clamping the rising edge of each of said digital signals from said device (DUT) to a 
predetermined high voltage value, so that when the voltage of said rising edge exceeds said 
predelerin..ied high vollage said first clamping means directs said current from said digital signal away 
from said trans.nissio-1 li.ie (Zq) to minimize ringing on said transmission line (Zq). said f.rst means 

comprises; ^ ^ < . 

(a) a diode (372a) connected having its anode connected to said second end of said resistor. 

(b) a capacitor (C) having one end connected to the cathode of said diode and its other end 
connected to ground. 

(c) a resistor (Rl) having one end connected to said cathode ol said diode, and 

(d) means (370a. 320b and RHI) connected to the other end of said resistor (R3) for dehvenng said 
predetermined high voltage value, 

-econd means (372b. C2. R2. 370b. 320c. RLO) connected to said second end (RIN) of said 
resislor (R3) for Clamping the falling edges of each of said digital signals from said device (DUT) to a 
predetermined low voltage value, when the voltage of said falling edge of said digital signal exceeds 
said predetermined low voltage said second clamping means directs said current from sa.d digital 
signal away from said transmission line (Zo) to minimize ringing on said transmission line (Zo). said 
second means comprises: 

(a) a diode (372a) having its cathode connected to said second end of said resistor, 

(b) a capacitor (C) having one end connected to the anode of said diode and its other end connected 

to ground. J J 

(c) a resistor (Rl ) having one end connected to said cathode of said diode, and 

(d) means (370a. 320b and RHI) connected to the other end of said resistor for del.venng said 
predetermined high voltage value. 

A method for providing active termination (210) for a transmission line (Zo) carrying digital signals from 
■ a device (OUT) connected at one end of said -transmission line (Zo). said method composing the steps 

°'' Clamping the rising edge of each of the digital signals from the device (DUT) at the termination 
(RIN) to a predetermined high voltage value, when the voltage of the rising edge exceeds the 
predetermined high voltage the aforesaid step of clamping directs the current in the digital signal away 
from said transmission line (Zo) to minimize ringing on the transmission line (Zq). and ^ . ^ 
clamping the falling edges of each of said digital signals from the device (DUT) to a predetermined 
low voltage value, when the voltage of said falling edge of the digital signal exceeds the predetermined 
low voltage the aforesaid step of clamping directs the current from the digital signal away from the 
transmission line (Zq) to minimize ringing on the transmission line (Zq). 
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Fig . 5 
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